Currently there is a visible tendency observed to replace the fieldworks by the experiments run in laboratory scale in different types of reactors. Laboratory tests give the possibility of precise measurement and do not require large costs and efforts. The designed monitoring system that allows to track the process run in every moment, at any time, from any location via the Internet, is a huge facilitation in research work. This paper presents the functioning rules of the bioreactor operation monitoring system and collecting of measurement data during the experiments.
Introduction
Composting process is one of the most popular methods of management of various waste types. It is a process of microbial decomposition/decay of the matter, running under oxygenic conditions, therefore the piles always need constant aeration [7] . Waste decomposition is a complex process and therefore waste management through the composting gives the desired effect when run properly.
However, composting fieldworks have some significant disadvantages. Research conducted in a real scale not always allow to obtain the replicability of the results due to the difficulties bounded with preparing material suitable for composting as well as variability of weather conditions [5] . Moreover it is difficult under the field conditions to embrace such factors as the amount of delivered and consumed oxygen, gaseous emissions and thermal energy emissions. All these factors are the reason for more and more increasing tendency to replace the fieldworks by the experiments in laboratory scale in different types of reactors. In laboratory research, unfavorable ratio of the volume to the surface of waste storage foster rapid cooling and considerably shorter thermophilic phase in comparison with real conditions. This adverse effect can be eliminated through the implementation of thermal isolation of bioreactor chambers. Afterwards laboratory tests give the possibility of exact, precise measurement and do not require high costs and efforts [2] . Extremely important element of composting process experiments with bioreactor usage is acquisition of measurement data in a real time. Part of the samples to analyzes (particularly chemical and microbiological) should be taken in specific moments of the thermophilic phase i.e. when it reaches 40, 50, 60, 70OC or during temperature decrease. For this reason possibility of tracking of the process run at any time and from any location through the Internet can be a huge facilitation in research. It also allows for rapid response in case of unfavorable occurrence disturbing the composting run, such as unexpected breakdowns, power failure, etc.
The purpose of this paper is to create an internet web-based system to monitor bioreactor functioning, that allows to track and record the course of the composting process. It is worth to highlight that in Poland newly built plants of biological waste treatment should have the appropriate measurement points that make possible to place measurement devices, sampling and recording of the process parameters..
Materials and Methods
Functioning of the system that allows to remotely monitor and control the biomass decomposition processes via Internet is possible through the relations of the user (researcher) with a server via web browser. HTTP server installed on a workstation in the laboratory collects measured data from the bioreactor sensors, obtained from central measuring panel. In turn these pieces of data are proceeded using PHP script language server-side to HTML code readable on any web browser.
Developed monitoring system is shown on the scheme below. The web application that allows to connect with HTTP server has been written in the PHP scripting language. It makes possible to create an interactive dynamic web-site, is free, fast and stable. The system stability is extremely necessary because of the constant server functioning and inadvisable frequent restart. The PHP language is a product of the Open Source type, it means common access to its source code which is free to use, modify and redistribute.
The server installed in laboratory is APACHE HTTP Server version 1.3.27 one of the most popular WWW servers available for many platforms and operating systems. The HTTP server is not designed to place commercial websites in the Internet, it has been created for the purpose of this monitoring system. Due to the fact that server belongs to the local network of the Poznan University of Life Sciences, the access is possible only if you type in the address bar, the server IP number and port number. The designed system was intended solely for research purposes, so user interaction with a server is possible only through the port number available for IP number given by the local network administrator. At the stage of program analysis it is necessary to determine the dynamics of the system, its behavior and static structure. In object-oriented programming to describe the objects world and relations between them, the Unified Modeling Language (UML) was used.
While traditionally performed measurements, two the most important parameters of bioreactor working (air flow and temperature of the composted material) were read manually and then stored in an Excel spreadsheet. In the assumptions of the designed system it was planned that monitoring application will allow to display real-time operating parameters of bioreactor separately for each chamber (in total 4 chambers) and visual surveillance around the whole laboratory with installed camera.
The operation idea of monitoring system is that measured parameters during measurements are saved on the server as a text file. While starting the web-site on any workstation, after previous logging in, automatically will be loaded the script that uses HTTP server in order to open a text file.
After file opening, the script variables are assigned the values from the location ("DOCUMENT_ROOT/../dane.txt") indicating the absolute path to the location of saved file in the home directory on the server. The values assigned to the variables are constantly updated, so the data displayed on the website are appropriate to the conditions prevailing at any given time in bioreactor chambers. Storing the data in a text file, used in described system, may be replaced by the MySQL database.
Implementation of database management systems in conjunction with PHP language on the web-sites is more advanced solution and is used in order to proceed with large volume of data. Due to the fact that bioreactor works periodically and not constantly and the amount of measured data per one composting cycle is not large, the use of database is not justified even though is a better solution.
Results
In order to verify the correctness of working of the designed monitoring system, the studies on composting process of cattle manure have been conducted. Used biomass has been aerated by the air flow with a constant intensity: 4 dm3/min in chamber 1 and 2 and 2 dm3/min in chamber 3 and 4. The temperature values in every chamber have been read every hour.
In order to observe a tendency of temperature increase of decomposed biomass in bioreactor chambers, especially important in thermophilic phase of composting process, the web-site also provides a graphic representation in the form of line graphs. One of the properties of the PHP script language, used for this purpose, is to generate the images. PHP interpreter installed on the server in the lab has a library "gd2" (Graphic Draw) which in PHP 4.3.0 version is included as a standard option. Creating on the web-site of the dynamic graphs, depending on the existing values requires usage of Chart Director component as an additional PHP library.
Chart Director library is a product of Advanced Software Engineering firm and is available as a demo on their web-site. Displaying on the web the charts that use this library requires prior configuration of WWW server and PHP interpreter in order to allow dynamic loading of the modules at the web-site. Data transmitted to create the dynamic charts also are derived from a text file, however after reading are saved in array variables, where each element corresponds with one value of generated chart.
The main page layout of the monitoring application is shown on Fig. 2 . After passing from the application main page to the sub-pages it is possible to view detailed parameters of each bioreactor chamber. In application every chamber contains the research starting-date and values of measured parameters of indicated bioreactor chamber. The system has been also prepared to display the values of gaseous emissions, however not monitored for the purposes of this study. On the sub-pages of the monitoring application it is possible to attach the description including material content or other data. The structure of monitoring page for selected bioreactor chambers is shown on Fig. 3 . The system through the posted link "Measurement Data File" allows to download the file to any computer on the network, including all measured data. The script after opening the file on the server reads it in total and then generates a PDF pile and places all the data in. PDF document is generated dynamically i.e. its size is adjusted to the amount of data placed therein. This format is not converted from another text format but is created using an additional library "pdflib_com" available for many programming languages and requires a separate installation. Designed system provides enormous time and efforts savings. Automatic temperature measurement also allows to carry out the research from the outside of the university. Through the any computer in the network it is possible to view current temperature in bioreactor chambers, as well as trend changes based on generated histogram [9] . Similarly like in the field monitoring systems such a scheme provides control of the experiment run by the scientific team at any time and from any location. Online monitoring of the bioreactor is a significant step forward in relations to the bioreactors reported and described in literature [1] . Many of them is equipped in data recording system [10] , however there is lack of monitoring systems and ongoing control outside of the laboratory, in the meantime it is important from the point of view of control over the correct run of processes. Moreover, it also appears that unlike typical scientific aspects of the use of bioreactors existing in various worldwide research centres [6, 8] presented in this paper computer monitoring system of working bioreactors may have great utility in lectures and student classes conducted at the Institute of Biosystems Engineering of the Poznan University of Life Sciences. In particular it concerns the courses related to environmental protection (technologies in environmental protection) or environmental monitoring. Therefore it will be possible to run classes with students in close relation with real research performed in the Laboratory of Eco Technologies, which will considerably raise the attractiveness of the courses and increase the level of transferred knowledge.
Applied in this system method of data storage as a text file has a number of limitations. One of them is lack of the possibility to search for a specific record or group of records in the file using the page. If the records in a text file are in the right order it is possible to use binary search method by a key field, however this process may be very slow because every single record should be checked individually.
Another problem is simultaneous access to the file from the several workstations at the same time. If there is an interaction of one user with a server, at that time other users do not have an access to the data via web-site, even though they have connection with a server. In turn the database systems have a built-in mechanism to provide the parallel access to the data [5] .
Conclusions
Conducted research experiments with usage of bioreactor monitoring system allow to formulate the following conclusions:
1. Implementation of online tracking significantly facilitates the laboratory research, enabling strict control of composting process run without constant presence of research personnel.
2. Using a text file in the system as a means of data transmission, despite many limitations, is a simple solution, sufficient to assumptions of bioreactor monitoring.
3. Developed system will be widely used during classes with students of Agricultural Engineering and Ecoenergetics in courses related to environmental monitoring.
4. Due to the fact that research experiments on aerobic decomposition process take place constantly, usually through the period of few weeks, the use of monitoring system considerably increases the safety of the research and reduces possibility of experiment interferences adversely affecting the obtained results.
